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Introduction
Coronary Artery Bypass Grafting (CABG) is one of the 
procedures with the highest impact in the history of medicine. 
No other operation has led to more lives prolonged and been 
better characterized with respect to its short and long term 
outcomes. CABG constitutes the keystone of adult cardiac 
surgery1.

Cardiac surgery is predominantly performed through a 
median sternotomy. Because of its quick and easy perfor-
mance, minimal blood loss and very little if any functional 
impairment, midline axial sternotomy still remains the most 
popular technique of cardiac exposure2. To prevent bleeding 
from the cut sternal edges bone wax is traditionally used to 
physically block blood from oozing out of the spongy bone 
during operations3.  From first application in orthopedic and 
cranial surgery in the 1950s beeswax has therefore been 
adopted for median sternotomy in cardiothoracic surgery4.
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Abstract:
Background: Bone wax is traditionally used to physically block blood from oozing out of the spongy bone of the cut sternal 
edges following median sternotomy to perform cardiac operations. Our effort in this study was to find out the difference of 
outcome regarding sternal healing between the groups without or with bone wax after off pump Coronary Artery Bypass 
Grafting with median sternotomy on the basis of clinical and radiologic findings.

Method: This interventional study was carried out in the Department of Cardiac Surgery of National Heart Foundation 
Hospital and Research Institute (NHFH&RI), Dhaka between the periods of January, 2012 and December, 2013. Total 40 
patients who underwent off pump coronary artery bypass grafting with median sternotomy were enrolled in this study. 
Patients were divided in to two equal groups, in whom bone wax was not used (control/nonwax) and in whom bone wax was 
used (experimental/wax) at cut sternal edges. Preoperative, Peroperative and post operative variables were observed and 
recorded during the hospital course of the patient and at follow up. Both groups were compared with respect to postoperative 
drainage of blood after 1st 24 hours of surgery, superficial and deep sternal wound infection after surgery, palpable midline 
gap over the sternal wound, clinical stability of the sternum (unequal ventrodorsal movement of each half of sternum on 
bimanual alternating chest compression), post sternotomy pain (PSP) and gap between two sternal halves seen at plain CT 
scan of the chest.  Statistical test were done with using SPSS version-16.

Result: Demographic measurements did not differ between the groups. Mean postoperative drainage of blood after 1st 24 
hours of operation was similar in both groups (260.00±103.00 ml in nonwax group and 248.00±107.63 ml in wax group of 
patients; p=0.721). Superficial sternal wound infection (nonwax 5%; wax 0%; p=1.00) did not differ significantly between 
groups. None of the patients of both groups were having any deep sternal wound infection, palpable midline gap over the 
sternal wound or unequal ventrodorsal movement of each half of sternum on bimanual alternating chest compression at any 
time after operation. Post sternotomy pain (PSP) was found significantly higher in wax group than in nonwax group (10% in 
nonwax group and 45% in wax group; p=0.031) at 7±1 months follow up. A check plain CT scan of the chest 7±1 months 
post operatively revealed that presence of gap between two sternal halves is significantly lower in nonwax group than in wax 
group (20% of patients in nonwax group and 55% of patients in wax group; p=0.048). 

Conclusions: Use of bone wax adversely affects sternal healing.

Key words: Off pump CABG, Median Sternotomy, Bone wax, Sternal healing.                                (JNHFB 2017; 6 : 5-9)
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Bonewax consists of sterilized, white bleached honeybees 
wax (cera alba) blended with a softening agent such as 
paraffin. The product is very effective for diminishing the 
amount of intraoperative bleeding3. Under the microscope, 
Body parts of bees such as mandibles, wings, and legs can 
be found in commercially available bone wax. Beeswax 
(bone wax) was initially thought to be absorbed quite     
readily in the human body. However subsequently, it 
became obvious that beeswax does not degrade in signifi-
cant quantities in a reasonable period of time.4 Bone wax is 
known to increase infection rates, interfere with bone 
healing, and elicit chronic inflammatory reactions3,5-6. 
Intraoperative techniques to decrease infection include 
minimization of electrocautery and bone wax7. 

However, not only adverse effects but also the potential 
benefits of bonewax require consideration. Bonewax is 
cheap. Because of its texture, puttylike plastic properties, 
and temperature responsiveness, it has almost ideal qualities 
for application in bony structures. Particularly after median 
sternotomy, sternal edges can be quite elegantly sealed with 
bonewax4. In 1994, Milano and colleagues performed a 
large prospective clinical study on nearly 6,500 patients to 
elucidate influencing factors for postoperative mediastinitis. 
No impact of bonewax application on the development of 
mediastinitis was shown8. In another study bonewax did not 
appear as an independent risk factor for sternal healing, 
early mortality, or blood and blood product consumption4. 
Sternal instability is a major risk factor in the development 
of sternal wound infections9. One study shows that minor 
gaps (1 to 3 mm) do not correlate with any clinical instabili-
ty and should there be no sign of healing at 6 months, it can 
be assumed that healing is delayed10. In another study, 
patients with a dehiscence over 3 mm in width had a signifi-
cant higher chest pain intensity compared with patients with 
a minor dehiscence11. Computed Tomography (CT) is often 
used in the evaluation of postoperative pathologic processes 
of the sternum and mediastinum12. The aim of this study is 
to find out the impact of bone wax on sternal healing  
following off pump Coronary Artery Bypass Grafting with 
median sternotomy with the help of clinical findings and a 
plain CT scan of the chest.

Method
The present interventional study was carried out in the 
Department of Cardiac Surgery at National Heart Foundation 
Hospital and Research Institute (NHFH&RI), Dhaka 
between the periods of January 2012 to December 2013. 
Total 40 purposively selected patients who underwent first 
time elective off pump coronary artery bypass grafting and 
fulfilled the inclusion and exclusion criteria were included 
in the study. The study was approved by Ethical review 
committee of NHFH&RI. All patients were informed about 
the study design, the purpose of the study, and right of the 
participants to withdraw themselves from the project, at any 
time for any reason. Written consent was obtained from 
each subject.

The patients were allocated into two equal groups, Control 
(nonwax) group, in whom bone wax was not used and 
Experimental (wax) group, in whom bone wax was used. 
Patients with history of getting immunosuppressive 
treatment, patients with Diabetes mellitus, patients with 
clinical and/or radiographic evidence of acute or chronic 
respiratory disease/COPD, patients undergoing emergency 
CABG surgery or redo surgery, patients requiring conver-
sion from elective off pump to on pump during procedure, 
patients in whom bilateral internal mammary artery was 
used, patients with BMI <18.5 or BMI >29.9 kg/m2, 
patients with age <22 or age >70 years, current smoker, 
patients with associated renal dysfunction (Serum Creati-
nine >2.0 mg/dl), liver dysfunction (Serum bilirubin 
>2mg/dl), patients required post procedure reexploration for 
bleeding and patients with associated valvular or congenital 
heart disease that require surgical intervention along with 
CABG surgery were excluded from the study. Each patient 
was assessed by medical history & clinical examination. 
Evaluation of co-existing risk factors was done. The 
decision of no use or use of bone wax at cut sternal edges 
was decided by the operating surgeon. Standard aesthetic 
technique was used for all patients. Anticoagulation was 
achieved with 150-200 IU/kg IV heparin 5 minutes prior to 
commencing distal anastomosis with a target ACT of 250s 
to 350s. Protamine sulphate was used to reverse the effect of 
heparin at the completion of the surgical procedure. All 
surgical procedures were performed by the same surgical 
team. In all patients, off pump CABG was performed 
through a median sternotomy incision. Two different 
techniques to achieve hemostasis of the cut sternal edges by 
either not using bone wax or using bone wax were applied. 
In control group of patients, no bone wax was applied to the 
cut sternal edges to achieve haemostasis except applying 
surgical sponge on them before placing sternal retractor. In 
experimental group of patients, a single pack of bone wax 
weighing 2.5 gm (Ethicon, commercial pack by Jonson & 
jonson, India) was applied by digital pressure evenly to both 
cut sternal edges to achieve hemostasis just after performing 
median sternotomy before applying surgical sponge and 
sternal retractor on them. In all patients Left Internal Mam-
mary Artery (LIMA) and Great Saphenous Vein (GSV) 
were harvested simultaneously. Target coronary arteries 
were stabilized using Acrobat TM  SUV Off-pump Stabiliz-
ing System. Appropriately sized intra-coronary shunts were 
used to maintain distal perfusion and to achieve a bloodless 
operative field. The oxygen blower was used to assist in 
anastomosis. The Left Anterior Descending (LAD) artery 
was the first coronary artery grafted in most cases. The 
vessels in the lateral and posterior walls were grafted next 
and the Right Coronary Artery (RCA) was grafted last 
(when significantly diseased). Trendelenburg position and 
tilting of the table were performed to graft Obtuse Marginal 
(OM) branches as necessary. Proximal anastomosis was 
performed using standard techniques. Proximal anastomosis 
was performed after every distal anastomosis. The activated 
coagulation time levels were measured and adjusted 

between 100 and 120s before closing the chest.
After adequate hemostasis was achieved sternum was 
opposed with stainless steel wire no. 5 by cerclage wiring 
technique according to body weight of the patient and at 
least 6 or more wires were used in both groups. Standard 
ICU management protocol was used and the patient was 
subsequently shifted to Post-ICU and ward or cabin and 
discharged whenever appropriate according to operating 
consultant’s judgment. Total 2 follow up were given, 1st 
follow up, after 1 month of surgery and 2nd follow up, after 
6 months of surgery. A check plain CT scan of the chest was 
done with PHILIPS Brilliance TM CT (Philips Medical 
Systems Nederland) unit 7±1 months post-operatively at a 
subsidized rate to reveal presence or absence of bony gap 
between two sternal halves. Conventional technique without 
contrast medium was used. Plain CT scan of the chest of 
each patient was reviewed by radiologist, blinded toward 
the study. Data was processed using software SPSS          
(Statistical Package for Social Sciences) version 16.0. The 
categorical data was presented as frequency with corresponding 
percentage and was compared between groups using 
Chi-square test and Fishers’ Exact Test, while the quantitative 
data was expressed as mean±SD (standard deviation) or 
median and was compared between groups using Student’s 
t-Test and Mann-Whitney U test. For all analytical tests, the 
level of significance was set at 0.05 and p < 0.05 was 
considered significant. 

Results 
A total number of 40 patients undergone elective off pump 
coronary artery bypass grafting were included in this study 
and divided into two equal groups according to no use   
(Control group) or use (Experimental group) of bonewax at 
the cut sternal edges after median sternotomy.

Table 1: Comparison of Age and BMI between groups 

# Data were analyzed using Student’s t-Test; Figures in the parentheses 
denote corresponding percentage. (n= number of patients, NS= Not significant).

Figure 1: Gender distribution in the study patients

Table 2: Comparison of Clinical Variables between groups

# Data was analyzed using Student’s t-Test.  Level of significance was 
0.05. *Figures in the parentheses denote corresponding percentage and 
^Figures in the parentheses denote range; n= number of patients, NS= Not 
significant).

Table 3: Comparison of Outcome Variables between groups

# Data was analyzed using Student’s t-Test;  a Data were analyzed using 
Chi-Square (χ2) Test and b Fisher’s Exact Test. Level of significance was 
0.05. Figures in the parentheses denote corresponding percentage;               
n= number of patients; S=Significant; NS= Not Significant. 

Discussion
In the present study age of the patients ranged from 38 years 
to 68 years, but mean ages of the nonwax (Control group) 
and wax (Experimental group) groups did not differ            
significantly (mean±SD were 53.65±9.57 vs. 52.15±5.56, 
p=0.548). Although a male preponderance was observed in 
both groups, the difference between the groups with respect 
to sex was not evident. 

The patients with known risk factors for sternal healing 
problems, like diabetes mellitus, bilateral use of internal 
mammary artery, chronic obstructive lung disease, urgency 
and obesity as mentioned by Prziborowski and colleagues4 
were carefully excluded from the study. All the patients of 
control group and experimental group showed mean pre-op-
erative BMI mean±SD were 24.40±2.44 kg/m2 and 

24.15±2.51 kg/m2 respectively (p=0.749) and the difference 
between groups was not significant. 

The present study showed that the mean total hospitalization 
time in control group mean±SD were 15.45±2.43 days and 
in experimental group mean±SD were 16.70±2.61 days 
(p=0.126) and the difference between two groups was 
non-significant. Time required for completing the operation 
315.75±28.44 min vs. 311.75±40.53 min (p=0.720). Similar 
non-significant result was given by Prziborowski et al4. 
Duration of ICU stay in median in control group and experi-
mental group was 41.0 (IQR : 24.5–44.0) hours and 33.5 
(IQR : 23.25–48.25) hours and the difference between two 
groups was non-significant (p=0.597). In a previous study 
by Papadopoulos and colleagues similar result was shown11. 
Total ventilation time at ICU not significantly differed 
between control group and experimental group of patients in 
our study mean±SD were 851.05±233.89 min vs. 
16.70±2.61 min respectively (p=0.864) and this comparison 
was done as prolonged ventilation dependency was shown 
to be a risk factor of sternal healing by Francel and 
Kouchoukos13. In all patients of both control group and 
experimental group LIMA was used and mean number of 
venous grafts did not differ significantly in control group 
and experimental group of patients mean±SD were 
2.40±0.88  vs. 2.40±0.94  respectively (p=1.000) which was 
similar to the study conducted by Prziborowski and 
colleagues4. The difference of percentage of patients requir-
ing blood transfusion and FFP transfusion were non-signifi-
cant between the control group and experimental group 
(40%  vs. 30%, p=0.741 and 20% vs. 25%, p=1.000 respec-
tively) which was also found non-significant between 
groups in a previous German study4. In our study we found 
the difference of mean postoperative drainage of blood after 
1st 24 hours of surgery between control group and experi-
mental group of patients is non-significant (mean±SD were 
260.00±103.00 vs 248.00±107.63 ml, p=0.721) which was 
similar to the study conducted by Ozdemir and Aykut14. We 
found that 5% of patient in control group suffered from 
superficial sternal wound infection after surgery, which was 
statistically non significant (p=1.00). None of the patients of 
both groups were having any deep sternal wound infection 
at any time after operation. Nearly similar insignificant 
differences were also seen in a previous study by Ozdemir 
and Aykut14. Our study showed that no patient in both 
control group and experimental group had palpable midline 
gap over the sternal wound at any time after operation. We 
also found that no patient in both groups had clinically 
unstable sternum (presence of unequal ventrodorsal move-
ment of each half of sternum on bimanual alternating chest 
compression) at any time after operation as the technique 
was described by Francel and Kouchoukos13.
In our study we compared post sternotomy pain (PSP) 
within 7±1 months after operation. We evaluated whether 
patients complained pain on posture change from lying to 
sitting or on walking, if any of the two was present we 

considered that post sternotomy pain was present. The result 
in table XIV showed 60% of patient in control group were 
complaining of post sternotomy pain (PSP) compared to 
65% of experimental group after surgery at discharge from 
hospital (p=1.000). At 1st follow-up the PSP reduced to 35% 
for control group and 50% for experimental group with non 
significant statistical difference (p=0.523). But persistence 
of PSP (10% in control group and 45% in experimental 
group) was significantly higher in experimental group 
observed at 2nd follow up (after 7±1 month after surgery) 
compared to control group (p=0.031). In a previous study by 
Papadopoulos and colleagues11 significant increase of post 
sternotomy pain was found with failed sternal reunion and 
imperfect ossification. 

We performed check plain CT scan of the chest in our study 
within 7±1 months after surgery (at 2nd follow up). We 
found that 20% of patients in control group and 55% of 
patients in experimental group have bony gap between two 
sternal halves (p=0.048). The presence of bony gap in 55% 
patients in experimental group corresponds well with the 
study conducted by Bitkover and colleague10 but the 
presence of gap is significantly lower in control group than 
in experimental group which was observed in a previous 
study done by Vestergaard and colleagues3.  

Conclusion          
The persistent post sternotomy pain (PSP) was found 
significantly higher in wax group than in nonwax group at 
follow up. A check plain CT scan of the chest post opera-
tively revealed that presence of gap between two sternal 
halves is significantly lower in nonwax group than in wax 
group. Use of bone wax did not influence post operative 
blood loss and requirement for blood transfusion. So, use of 
this foreign material is not helpful for the surgeons and may 
contribute to the post operative pain and radiologic evidence 
of sternal gap (after 6 months of surgery) as shown in this 
study. So, this study conclude that bone wax adversely 
affects the sternal healing and we recommend further large 
scale study and for off pump CABG where less amount of 
heparin is required bone wax need not be used.
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Bonewax consists of sterilized, white bleached honeybees 
wax (cera alba) blended with a softening agent such as 
paraffin. The product is very effective for diminishing the 
amount of intraoperative bleeding3. Under the microscope, 
Body parts of bees such as mandibles, wings, and legs can 
be found in commercially available bone wax. Beeswax 
(bone wax) was initially thought to be absorbed quite     
readily in the human body. However subsequently, it 
became obvious that beeswax does not degrade in signifi-
cant quantities in a reasonable period of time.4 Bone wax is 
known to increase infection rates, interfere with bone 
healing, and elicit chronic inflammatory reactions3,5-6. 
Intraoperative techniques to decrease infection include 
minimization of electrocautery and bone wax7. 

However, not only adverse effects but also the potential 
benefits of bonewax require consideration. Bonewax is 
cheap. Because of its texture, puttylike plastic properties, 
and temperature responsiveness, it has almost ideal qualities 
for application in bony structures. Particularly after median 
sternotomy, sternal edges can be quite elegantly sealed with 
bonewax4. In 1994, Milano and colleagues performed a 
large prospective clinical study on nearly 6,500 patients to 
elucidate influencing factors for postoperative mediastinitis. 
No impact of bonewax application on the development of 
mediastinitis was shown8. In another study bonewax did not 
appear as an independent risk factor for sternal healing, 
early mortality, or blood and blood product consumption4. 
Sternal instability is a major risk factor in the development 
of sternal wound infections9. One study shows that minor 
gaps (1 to 3 mm) do not correlate with any clinical instabili-
ty and should there be no sign of healing at 6 months, it can 
be assumed that healing is delayed10. In another study, 
patients with a dehiscence over 3 mm in width had a signifi-
cant higher chest pain intensity compared with patients with 
a minor dehiscence11. Computed Tomography (CT) is often 
used in the evaluation of postoperative pathologic processes 
of the sternum and mediastinum12. The aim of this study is 
to find out the impact of bone wax on sternal healing  
following off pump Coronary Artery Bypass Grafting with 
median sternotomy with the help of clinical findings and a 
plain CT scan of the chest.

Method
The present interventional study was carried out in the 
Department of Cardiac Surgery at National Heart Foundation 
Hospital and Research Institute (NHFH&RI), Dhaka 
between the periods of January 2012 to December 2013. 
Total 40 purposively selected patients who underwent first 
time elective off pump coronary artery bypass grafting and 
fulfilled the inclusion and exclusion criteria were included 
in the study. The study was approved by Ethical review 
committee of NHFH&RI. All patients were informed about 
the study design, the purpose of the study, and right of the 
participants to withdraw themselves from the project, at any 
time for any reason. Written consent was obtained from 
each subject.

The patients were allocated into two equal groups, Control 
(nonwax) group, in whom bone wax was not used and 
Experimental (wax) group, in whom bone wax was used. 
Patients with history of getting immunosuppressive 
treatment, patients with Diabetes mellitus, patients with 
clinical and/or radiographic evidence of acute or chronic 
respiratory disease/COPD, patients undergoing emergency 
CABG surgery or redo surgery, patients requiring conver-
sion from elective off pump to on pump during procedure, 
patients in whom bilateral internal mammary artery was 
used, patients with BMI <18.5 or BMI >29.9 kg/m2, 
patients with age <22 or age >70 years, current smoker, 
patients with associated renal dysfunction (Serum Creati-
nine >2.0 mg/dl), liver dysfunction (Serum bilirubin 
>2mg/dl), patients required post procedure reexploration for 
bleeding and patients with associated valvular or congenital 
heart disease that require surgical intervention along with 
CABG surgery were excluded from the study. Each patient 
was assessed by medical history & clinical examination. 
Evaluation of co-existing risk factors was done. The 
decision of no use or use of bone wax at cut sternal edges 
was decided by the operating surgeon. Standard aesthetic 
technique was used for all patients. Anticoagulation was 
achieved with 150-200 IU/kg IV heparin 5 minutes prior to 
commencing distal anastomosis with a target ACT of 250s 
to 350s. Protamine sulphate was used to reverse the effect of 
heparin at the completion of the surgical procedure. All 
surgical procedures were performed by the same surgical 
team. In all patients, off pump CABG was performed 
through a median sternotomy incision. Two different 
techniques to achieve hemostasis of the cut sternal edges by 
either not using bone wax or using bone wax were applied. 
In control group of patients, no bone wax was applied to the 
cut sternal edges to achieve haemostasis except applying 
surgical sponge on them before placing sternal retractor. In 
experimental group of patients, a single pack of bone wax 
weighing 2.5 gm (Ethicon, commercial pack by Jonson & 
jonson, India) was applied by digital pressure evenly to both 
cut sternal edges to achieve hemostasis just after performing 
median sternotomy before applying surgical sponge and 
sternal retractor on them. In all patients Left Internal Mam-
mary Artery (LIMA) and Great Saphenous Vein (GSV) 
were harvested simultaneously. Target coronary arteries 
were stabilized using Acrobat TM  SUV Off-pump Stabiliz-
ing System. Appropriately sized intra-coronary shunts were 
used to maintain distal perfusion and to achieve a bloodless 
operative field. The oxygen blower was used to assist in 
anastomosis. The Left Anterior Descending (LAD) artery 
was the first coronary artery grafted in most cases. The 
vessels in the lateral and posterior walls were grafted next 
and the Right Coronary Artery (RCA) was grafted last 
(when significantly diseased). Trendelenburg position and 
tilting of the table were performed to graft Obtuse Marginal 
(OM) branches as necessary. Proximal anastomosis was 
performed using standard techniques. Proximal anastomosis 
was performed after every distal anastomosis. The activated 
coagulation time levels were measured and adjusted 

between 100 and 120s before closing the chest.
After adequate hemostasis was achieved sternum was 
opposed with stainless steel wire no. 5 by cerclage wiring 
technique according to body weight of the patient and at 
least 6 or more wires were used in both groups. Standard 
ICU management protocol was used and the patient was 
subsequently shifted to Post-ICU and ward or cabin and 
discharged whenever appropriate according to operating 
consultant’s judgment. Total 2 follow up were given, 1st 
follow up, after 1 month of surgery and 2nd follow up, after 
6 months of surgery. A check plain CT scan of the chest was 
done with PHILIPS Brilliance TM CT (Philips Medical 
Systems Nederland) unit 7±1 months post-operatively at a 
subsidized rate to reveal presence or absence of bony gap 
between two sternal halves. Conventional technique without 
contrast medium was used. Plain CT scan of the chest of 
each patient was reviewed by radiologist, blinded toward 
the study. Data was processed using software SPSS          
(Statistical Package for Social Sciences) version 16.0. The 
categorical data was presented as frequency with corresponding 
percentage and was compared between groups using 
Chi-square test and Fishers’ Exact Test, while the quantitative 
data was expressed as mean±SD (standard deviation) or 
median and was compared between groups using Student’s 
t-Test and Mann-Whitney U test. For all analytical tests, the 
level of significance was set at 0.05 and p < 0.05 was 
considered significant. 

Results 
A total number of 40 patients undergone elective off pump 
coronary artery bypass grafting were included in this study 
and divided into two equal groups according to no use   
(Control group) or use (Experimental group) of bonewax at 
the cut sternal edges after median sternotomy.

Table 1: Comparison of Age and BMI between groups 

# Data were analyzed using Student’s t-Test; Figures in the parentheses 
denote corresponding percentage. (n= number of patients, NS= Not significant).

Figure 1: Gender distribution in the study patients

Table 2: Comparison of Clinical Variables between groups

# Data was analyzed using Student’s t-Test.  Level of significance was 
0.05. *Figures in the parentheses denote corresponding percentage and 
^Figures in the parentheses denote range; n= number of patients, NS= Not 
significant).

Table 3: Comparison of Outcome Variables between groups

# Data was analyzed using Student’s t-Test;  a Data were analyzed using 
Chi-Square (χ2) Test and b Fisher’s Exact Test. Level of significance was 
0.05. Figures in the parentheses denote corresponding percentage;               
n= number of patients; S=Significant; NS= Not Significant. 

Discussion
In the present study age of the patients ranged from 38 years 
to 68 years, but mean ages of the nonwax (Control group) 
and wax (Experimental group) groups did not differ            
significantly (mean±SD were 53.65±9.57 vs. 52.15±5.56, 
p=0.548). Although a male preponderance was observed in 
both groups, the difference between the groups with respect 
to sex was not evident. 

The patients with known risk factors for sternal healing 
problems, like diabetes mellitus, bilateral use of internal 
mammary artery, chronic obstructive lung disease, urgency 
and obesity as mentioned by Prziborowski and colleagues4 
were carefully excluded from the study. All the patients of 
control group and experimental group showed mean pre-op-
erative BMI mean±SD were 24.40±2.44 kg/m2 and 

24.15±2.51 kg/m2 respectively (p=0.749) and the difference 
between groups was not significant. 

The present study showed that the mean total hospitalization 
time in control group mean±SD were 15.45±2.43 days and 
in experimental group mean±SD were 16.70±2.61 days 
(p=0.126) and the difference between two groups was 
non-significant. Time required for completing the operation 
315.75±28.44 min vs. 311.75±40.53 min (p=0.720). Similar 
non-significant result was given by Prziborowski et al4. 
Duration of ICU stay in median in control group and experi-
mental group was 41.0 (IQR : 24.5–44.0) hours and 33.5 
(IQR : 23.25–48.25) hours and the difference between two 
groups was non-significant (p=0.597). In a previous study 
by Papadopoulos and colleagues similar result was shown11. 
Total ventilation time at ICU not significantly differed 
between control group and experimental group of patients in 
our study mean±SD were 851.05±233.89 min vs. 
16.70±2.61 min respectively (p=0.864) and this comparison 
was done as prolonged ventilation dependency was shown 
to be a risk factor of sternal healing by Francel and 
Kouchoukos13. In all patients of both control group and 
experimental group LIMA was used and mean number of 
venous grafts did not differ significantly in control group 
and experimental group of patients mean±SD were 
2.40±0.88  vs. 2.40±0.94  respectively (p=1.000) which was 
similar to the study conducted by Prziborowski and 
colleagues4. The difference of percentage of patients requir-
ing blood transfusion and FFP transfusion were non-signifi-
cant between the control group and experimental group 
(40%  vs. 30%, p=0.741 and 20% vs. 25%, p=1.000 respec-
tively) which was also found non-significant between 
groups in a previous German study4. In our study we found 
the difference of mean postoperative drainage of blood after 
1st 24 hours of surgery between control group and experi-
mental group of patients is non-significant (mean±SD were 
260.00±103.00 vs 248.00±107.63 ml, p=0.721) which was 
similar to the study conducted by Ozdemir and Aykut14. We 
found that 5% of patient in control group suffered from 
superficial sternal wound infection after surgery, which was 
statistically non significant (p=1.00). None of the patients of 
both groups were having any deep sternal wound infection 
at any time after operation. Nearly similar insignificant 
differences were also seen in a previous study by Ozdemir 
and Aykut14. Our study showed that no patient in both 
control group and experimental group had palpable midline 
gap over the sternal wound at any time after operation. We 
also found that no patient in both groups had clinically 
unstable sternum (presence of unequal ventrodorsal move-
ment of each half of sternum on bimanual alternating chest 
compression) at any time after operation as the technique 
was described by Francel and Kouchoukos13.
In our study we compared post sternotomy pain (PSP) 
within 7±1 months after operation. We evaluated whether 
patients complained pain on posture change from lying to 
sitting or on walking, if any of the two was present we 

considered that post sternotomy pain was present. The result 
in table XIV showed 60% of patient in control group were 
complaining of post sternotomy pain (PSP) compared to 
65% of experimental group after surgery at discharge from 
hospital (p=1.000). At 1st follow-up the PSP reduced to 35% 
for control group and 50% for experimental group with non 
significant statistical difference (p=0.523). But persistence 
of PSP (10% in control group and 45% in experimental 
group) was significantly higher in experimental group 
observed at 2nd follow up (after 7±1 month after surgery) 
compared to control group (p=0.031). In a previous study by 
Papadopoulos and colleagues11 significant increase of post 
sternotomy pain was found with failed sternal reunion and 
imperfect ossification. 

We performed check plain CT scan of the chest in our study 
within 7±1 months after surgery (at 2nd follow up). We 
found that 20% of patients in control group and 55% of 
patients in experimental group have bony gap between two 
sternal halves (p=0.048). The presence of bony gap in 55% 
patients in experimental group corresponds well with the 
study conducted by Bitkover and colleague10 but the 
presence of gap is significantly lower in control group than 
in experimental group which was observed in a previous 
study done by Vestergaard and colleagues3.  

Conclusion          
The persistent post sternotomy pain (PSP) was found 
significantly higher in wax group than in nonwax group at 
follow up. A check plain CT scan of the chest post opera-
tively revealed that presence of gap between two sternal 
halves is significantly lower in nonwax group than in wax 
group. Use of bone wax did not influence post operative 
blood loss and requirement for blood transfusion. So, use of 
this foreign material is not helpful for the surgeons and may 
contribute to the post operative pain and radiologic evidence 
of sternal gap (after 6 months of surgery) as shown in this 
study. So, this study conclude that bone wax adversely 
affects the sternal healing and we recommend further large 
scale study and for off pump CABG where less amount of 
heparin is required bone wax need not be used.
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Group   
 

p-value  
Control  

Group  (n = 20) 
Experimental 
Group  (n = 20) 

Age # (years)   53.65±9.57 52.15±5.56 0.548N S 

Pre -operative BMI  #

(kg/m2) 

24.40±2.44 24.15±2.51 0.749 N S 

Clinical Variables
 

Group   
 

p-value  
Control  

Group  (n=20) 
Experimental 
Group  (n=20) 

Total Hospitalization  (days) # 15.45±2.43 16.70±2.61 0.126 N S 

Pre -op hospital stay ( days) #  7.8±2.19 8.6±2.34 0.272 N S 

Post-op hospital stay ( days) #  7.65±0.98 8.1±1.51 0.274 N S 
LIMA used  20(100.0)* 20(100.0)* -- 

Number of Venous grafts # 2.40±0.88 2.4±0.94 1.000N S 
Total operation time  
(minutes) #  

315.75±28.44 311.75±40.53 0.720 N S 

Total ventilation time at ICU 
(minutes) #  

851.05±233.89 863.75±233.26 0.864 N S 

ICU stay (hours) #  41.0(24.5– 44.0)^ 33.5(23.25– 48.25) ^ 0.597 N S 

Outcome Variables  
 

Group   
 

p-value  
Control     

Group (n = 20) 
Experimental 
Group (n = 20) 

Postoperative drainage of blood 
after 1 st 24 hours ( ml)# 

260.00±103.00 248.00±107.63 0.721 NS 

aBlood transfused required  8(40.0) 6(30.0) 0.741NS 

bFFP transfusion required  4(20.0) 5(25.0) 1.00NS 
bSuperficial  sternal wound 
infection  

1(5.0) 0(0.0) 
 

1.00NS 

 
Deep sternal wound infection  0(0.0) 0(0.0) --- 
Palpable midline gap over the sternal wound  

•  1st follow up 0(0.0) 0(0.0)  
•  2nd follow up 0(0.0) 0(0.0)  

Clinical stability test of sternum  
•  1st follow up 0(0.0) 0(0.0)  
•  2nd follow up 0(0.0) 0(0.0)  

Post Sternotomy pain(PSP)  
•  At dischargea 12(60.0) 13(65.0) 1.000NS 
•  1st follow upa 07(35.0) 10(50.0) 0.523NS 

•  2nd follow upb 02(10.0) 09(45.0) 0.031S 
Gap between 2 sternal halves at plain CT scan of the chest  

•  2nd follow upb 04(20.0) 11(55.0) 0.048S 
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Bonewax consists of sterilized, white bleached honeybees 
wax (cera alba) blended with a softening agent such as 
paraffin. The product is very effective for diminishing the 
amount of intraoperative bleeding3. Under the microscope, 
Body parts of bees such as mandibles, wings, and legs can 
be found in commercially available bone wax. Beeswax 
(bone wax) was initially thought to be absorbed quite     
readily in the human body. However subsequently, it 
became obvious that beeswax does not degrade in signifi-
cant quantities in a reasonable period of time.4 Bone wax is 
known to increase infection rates, interfere with bone 
healing, and elicit chronic inflammatory reactions3,5-6. 
Intraoperative techniques to decrease infection include 
minimization of electrocautery and bone wax7. 

However, not only adverse effects but also the potential 
benefits of bonewax require consideration. Bonewax is 
cheap. Because of its texture, puttylike plastic properties, 
and temperature responsiveness, it has almost ideal qualities 
for application in bony structures. Particularly after median 
sternotomy, sternal edges can be quite elegantly sealed with 
bonewax4. In 1994, Milano and colleagues performed a 
large prospective clinical study on nearly 6,500 patients to 
elucidate influencing factors for postoperative mediastinitis. 
No impact of bonewax application on the development of 
mediastinitis was shown8. In another study bonewax did not 
appear as an independent risk factor for sternal healing, 
early mortality, or blood and blood product consumption4. 
Sternal instability is a major risk factor in the development 
of sternal wound infections9. One study shows that minor 
gaps (1 to 3 mm) do not correlate with any clinical instabili-
ty and should there be no sign of healing at 6 months, it can 
be assumed that healing is delayed10. In another study, 
patients with a dehiscence over 3 mm in width had a signifi-
cant higher chest pain intensity compared with patients with 
a minor dehiscence11. Computed Tomography (CT) is often 
used in the evaluation of postoperative pathologic processes 
of the sternum and mediastinum12. The aim of this study is 
to find out the impact of bone wax on sternal healing  
following off pump Coronary Artery Bypass Grafting with 
median sternotomy with the help of clinical findings and a 
plain CT scan of the chest.

Method
The present interventional study was carried out in the 
Department of Cardiac Surgery at National Heart Foundation 
Hospital and Research Institute (NHFH&RI), Dhaka 
between the periods of January 2012 to December 2013. 
Total 40 purposively selected patients who underwent first 
time elective off pump coronary artery bypass grafting and 
fulfilled the inclusion and exclusion criteria were included 
in the study. The study was approved by Ethical review 
committee of NHFH&RI. All patients were informed about 
the study design, the purpose of the study, and right of the 
participants to withdraw themselves from the project, at any 
time for any reason. Written consent was obtained from 
each subject.

The patients were allocated into two equal groups, Control 
(nonwax) group, in whom bone wax was not used and 
Experimental (wax) group, in whom bone wax was used. 
Patients with history of getting immunosuppressive 
treatment, patients with Diabetes mellitus, patients with 
clinical and/or radiographic evidence of acute or chronic 
respiratory disease/COPD, patients undergoing emergency 
CABG surgery or redo surgery, patients requiring conver-
sion from elective off pump to on pump during procedure, 
patients in whom bilateral internal mammary artery was 
used, patients with BMI <18.5 or BMI >29.9 kg/m2, 
patients with age <22 or age >70 years, current smoker, 
patients with associated renal dysfunction (Serum Creati-
nine >2.0 mg/dl), liver dysfunction (Serum bilirubin 
>2mg/dl), patients required post procedure reexploration for 
bleeding and patients with associated valvular or congenital 
heart disease that require surgical intervention along with 
CABG surgery were excluded from the study. Each patient 
was assessed by medical history & clinical examination. 
Evaluation of co-existing risk factors was done. The 
decision of no use or use of bone wax at cut sternal edges 
was decided by the operating surgeon. Standard aesthetic 
technique was used for all patients. Anticoagulation was 
achieved with 150-200 IU/kg IV heparin 5 minutes prior to 
commencing distal anastomosis with a target ACT of 250s 
to 350s. Protamine sulphate was used to reverse the effect of 
heparin at the completion of the surgical procedure. All 
surgical procedures were performed by the same surgical 
team. In all patients, off pump CABG was performed 
through a median sternotomy incision. Two different 
techniques to achieve hemostasis of the cut sternal edges by 
either not using bone wax or using bone wax were applied. 
In control group of patients, no bone wax was applied to the 
cut sternal edges to achieve haemostasis except applying 
surgical sponge on them before placing sternal retractor. In 
experimental group of patients, a single pack of bone wax 
weighing 2.5 gm (Ethicon, commercial pack by Jonson & 
jonson, India) was applied by digital pressure evenly to both 
cut sternal edges to achieve hemostasis just after performing 
median sternotomy before applying surgical sponge and 
sternal retractor on them. In all patients Left Internal Mam-
mary Artery (LIMA) and Great Saphenous Vein (GSV) 
were harvested simultaneously. Target coronary arteries 
were stabilized using Acrobat TM  SUV Off-pump Stabiliz-
ing System. Appropriately sized intra-coronary shunts were 
used to maintain distal perfusion and to achieve a bloodless 
operative field. The oxygen blower was used to assist in 
anastomosis. The Left Anterior Descending (LAD) artery 
was the first coronary artery grafted in most cases. The 
vessels in the lateral and posterior walls were grafted next 
and the Right Coronary Artery (RCA) was grafted last 
(when significantly diseased). Trendelenburg position and 
tilting of the table were performed to graft Obtuse Marginal 
(OM) branches as necessary. Proximal anastomosis was 
performed using standard techniques. Proximal anastomosis 
was performed after every distal anastomosis. The activated 
coagulation time levels were measured and adjusted 

between 100 and 120s before closing the chest.
After adequate hemostasis was achieved sternum was 
opposed with stainless steel wire no. 5 by cerclage wiring 
technique according to body weight of the patient and at 
least 6 or more wires were used in both groups. Standard 
ICU management protocol was used and the patient was 
subsequently shifted to Post-ICU and ward or cabin and 
discharged whenever appropriate according to operating 
consultant’s judgment. Total 2 follow up were given, 1st 
follow up, after 1 month of surgery and 2nd follow up, after 
6 months of surgery. A check plain CT scan of the chest was 
done with PHILIPS Brilliance TM CT (Philips Medical 
Systems Nederland) unit 7±1 months post-operatively at a 
subsidized rate to reveal presence or absence of bony gap 
between two sternal halves. Conventional technique without 
contrast medium was used. Plain CT scan of the chest of 
each patient was reviewed by radiologist, blinded toward 
the study. Data was processed using software SPSS          
(Statistical Package for Social Sciences) version 16.0. The 
categorical data was presented as frequency with corresponding 
percentage and was compared between groups using 
Chi-square test and Fishers’ Exact Test, while the quantitative 
data was expressed as mean±SD (standard deviation) or 
median and was compared between groups using Student’s 
t-Test and Mann-Whitney U test. For all analytical tests, the 
level of significance was set at 0.05 and p < 0.05 was 
considered significant. 

Results 
A total number of 40 patients undergone elective off pump 
coronary artery bypass grafting were included in this study 
and divided into two equal groups according to no use   
(Control group) or use (Experimental group) of bonewax at 
the cut sternal edges after median sternotomy.

Table 1: Comparison of Age and BMI between groups 

# Data were analyzed using Student’s t-Test; Figures in the parentheses 
denote corresponding percentage. (n= number of patients, NS= Not significant).

Figure 1: Gender distribution in the study patients

Table 2: Comparison of Clinical Variables between groups

# Data was analyzed using Student’s t-Test.  Level of significance was 
0.05. *Figures in the parentheses denote corresponding percentage and 
^Figures in the parentheses denote range; n= number of patients, NS= Not 
significant).

Table 3: Comparison of Outcome Variables between groups

# Data was analyzed using Student’s t-Test;  a Data were analyzed using 
Chi-Square (χ2) Test and b Fisher’s Exact Test. Level of significance was 
0.05. Figures in the parentheses denote corresponding percentage;               
n= number of patients; S=Significant; NS= Not Significant. 

Discussion
In the present study age of the patients ranged from 38 years 
to 68 years, but mean ages of the nonwax (Control group) 
and wax (Experimental group) groups did not differ            
significantly (mean±SD were 53.65±9.57 vs. 52.15±5.56, 
p=0.548). Although a male preponderance was observed in 
both groups, the difference between the groups with respect 
to sex was not evident. 

The patients with known risk factors for sternal healing 
problems, like diabetes mellitus, bilateral use of internal 
mammary artery, chronic obstructive lung disease, urgency 
and obesity as mentioned by Prziborowski and colleagues4 
were carefully excluded from the study. All the patients of 
control group and experimental group showed mean pre-op-
erative BMI mean±SD were 24.40±2.44 kg/m2 and 

24.15±2.51 kg/m2 respectively (p=0.749) and the difference 
between groups was not significant. 

The present study showed that the mean total hospitalization 
time in control group mean±SD were 15.45±2.43 days and 
in experimental group mean±SD were 16.70±2.61 days 
(p=0.126) and the difference between two groups was 
non-significant. Time required for completing the operation 
315.75±28.44 min vs. 311.75±40.53 min (p=0.720). Similar 
non-significant result was given by Prziborowski et al4. 
Duration of ICU stay in median in control group and experi-
mental group was 41.0 (IQR : 24.5–44.0) hours and 33.5 
(IQR : 23.25–48.25) hours and the difference between two 
groups was non-significant (p=0.597). In a previous study 
by Papadopoulos and colleagues similar result was shown11. 
Total ventilation time at ICU not significantly differed 
between control group and experimental group of patients in 
our study mean±SD were 851.05±233.89 min vs. 
16.70±2.61 min respectively (p=0.864) and this comparison 
was done as prolonged ventilation dependency was shown 
to be a risk factor of sternal healing by Francel and 
Kouchoukos13. In all patients of both control group and 
experimental group LIMA was used and mean number of 
venous grafts did not differ significantly in control group 
and experimental group of patients mean±SD were 
2.40±0.88  vs. 2.40±0.94  respectively (p=1.000) which was 
similar to the study conducted by Prziborowski and 
colleagues4. The difference of percentage of patients requir-
ing blood transfusion and FFP transfusion were non-signifi-
cant between the control group and experimental group 
(40%  vs. 30%, p=0.741 and 20% vs. 25%, p=1.000 respec-
tively) which was also found non-significant between 
groups in a previous German study4. In our study we found 
the difference of mean postoperative drainage of blood after 
1st 24 hours of surgery between control group and experi-
mental group of patients is non-significant (mean±SD were 
260.00±103.00 vs 248.00±107.63 ml, p=0.721) which was 
similar to the study conducted by Ozdemir and Aykut14. We 
found that 5% of patient in control group suffered from 
superficial sternal wound infection after surgery, which was 
statistically non significant (p=1.00). None of the patients of 
both groups were having any deep sternal wound infection 
at any time after operation. Nearly similar insignificant 
differences were also seen in a previous study by Ozdemir 
and Aykut14. Our study showed that no patient in both 
control group and experimental group had palpable midline 
gap over the sternal wound at any time after operation. We 
also found that no patient in both groups had clinically 
unstable sternum (presence of unequal ventrodorsal move-
ment of each half of sternum on bimanual alternating chest 
compression) at any time after operation as the technique 
was described by Francel and Kouchoukos13.
In our study we compared post sternotomy pain (PSP) 
within 7±1 months after operation. We evaluated whether 
patients complained pain on posture change from lying to 
sitting or on walking, if any of the two was present we 

considered that post sternotomy pain was present. The result 
in table XIV showed 60% of patient in control group were 
complaining of post sternotomy pain (PSP) compared to 
65% of experimental group after surgery at discharge from 
hospital (p=1.000). At 1st follow-up the PSP reduced to 35% 
for control group and 50% for experimental group with non 
significant statistical difference (p=0.523). But persistence 
of PSP (10% in control group and 45% in experimental 
group) was significantly higher in experimental group 
observed at 2nd follow up (after 7±1 month after surgery) 
compared to control group (p=0.031). In a previous study by 
Papadopoulos and colleagues11 significant increase of post 
sternotomy pain was found with failed sternal reunion and 
imperfect ossification. 

We performed check plain CT scan of the chest in our study 
within 7±1 months after surgery (at 2nd follow up). We 
found that 20% of patients in control group and 55% of 
patients in experimental group have bony gap between two 
sternal halves (p=0.048). The presence of bony gap in 55% 
patients in experimental group corresponds well with the 
study conducted by Bitkover and colleague10 but the 
presence of gap is significantly lower in control group than 
in experimental group which was observed in a previous 
study done by Vestergaard and colleagues3.  

Conclusion          
The persistent post sternotomy pain (PSP) was found 
significantly higher in wax group than in nonwax group at 
follow up. A check plain CT scan of the chest post opera-
tively revealed that presence of gap between two sternal 
halves is significantly lower in nonwax group than in wax 
group. Use of bone wax did not influence post operative 
blood loss and requirement for blood transfusion. So, use of 
this foreign material is not helpful for the surgeons and may 
contribute to the post operative pain and radiologic evidence 
of sternal gap (after 6 months of surgery) as shown in this 
study. So, this study conclude that bone wax adversely 
affects the sternal healing and we recommend further large 
scale study and for off pump CABG where less amount of 
heparin is required bone wax need not be used.
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Bonewax consists of sterilized, white bleached honeybees 
wax (cera alba) blended with a softening agent such as 
paraffin. The product is very effective for diminishing the 
amount of intraoperative bleeding3. Under the microscope, 
Body parts of bees such as mandibles, wings, and legs can 
be found in commercially available bone wax. Beeswax 
(bone wax) was initially thought to be absorbed quite     
readily in the human body. However subsequently, it 
became obvious that beeswax does not degrade in signifi-
cant quantities in a reasonable period of time.4 Bone wax is 
known to increase infection rates, interfere with bone 
healing, and elicit chronic inflammatory reactions3,5-6. 
Intraoperative techniques to decrease infection include 
minimization of electrocautery and bone wax7. 

However, not only adverse effects but also the potential 
benefits of bonewax require consideration. Bonewax is 
cheap. Because of its texture, puttylike plastic properties, 
and temperature responsiveness, it has almost ideal qualities 
for application in bony structures. Particularly after median 
sternotomy, sternal edges can be quite elegantly sealed with 
bonewax4. In 1994, Milano and colleagues performed a 
large prospective clinical study on nearly 6,500 patients to 
elucidate influencing factors for postoperative mediastinitis. 
No impact of bonewax application on the development of 
mediastinitis was shown8. In another study bonewax did not 
appear as an independent risk factor for sternal healing, 
early mortality, or blood and blood product consumption4. 
Sternal instability is a major risk factor in the development 
of sternal wound infections9. One study shows that minor 
gaps (1 to 3 mm) do not correlate with any clinical instabili-
ty and should there be no sign of healing at 6 months, it can 
be assumed that healing is delayed10. In another study, 
patients with a dehiscence over 3 mm in width had a signifi-
cant higher chest pain intensity compared with patients with 
a minor dehiscence11. Computed Tomography (CT) is often 
used in the evaluation of postoperative pathologic processes 
of the sternum and mediastinum12. The aim of this study is 
to find out the impact of bone wax on sternal healing  
following off pump Coronary Artery Bypass Grafting with 
median sternotomy with the help of clinical findings and a 
plain CT scan of the chest.

Method
The present interventional study was carried out in the 
Department of Cardiac Surgery at National Heart Foundation 
Hospital and Research Institute (NHFH&RI), Dhaka 
between the periods of January 2012 to December 2013. 
Total 40 purposively selected patients who underwent first 
time elective off pump coronary artery bypass grafting and 
fulfilled the inclusion and exclusion criteria were included 
in the study. The study was approved by Ethical review 
committee of NHFH&RI. All patients were informed about 
the study design, the purpose of the study, and right of the 
participants to withdraw themselves from the project, at any 
time for any reason. Written consent was obtained from 
each subject.

The patients were allocated into two equal groups, Control 
(nonwax) group, in whom bone wax was not used and 
Experimental (wax) group, in whom bone wax was used. 
Patients with history of getting immunosuppressive 
treatment, patients with Diabetes mellitus, patients with 
clinical and/or radiographic evidence of acute or chronic 
respiratory disease/COPD, patients undergoing emergency 
CABG surgery or redo surgery, patients requiring conver-
sion from elective off pump to on pump during procedure, 
patients in whom bilateral internal mammary artery was 
used, patients with BMI <18.5 or BMI >29.9 kg/m2, 
patients with age <22 or age >70 years, current smoker, 
patients with associated renal dysfunction (Serum Creati-
nine >2.0 mg/dl), liver dysfunction (Serum bilirubin 
>2mg/dl), patients required post procedure reexploration for 
bleeding and patients with associated valvular or congenital 
heart disease that require surgical intervention along with 
CABG surgery were excluded from the study. Each patient 
was assessed by medical history & clinical examination. 
Evaluation of co-existing risk factors was done. The 
decision of no use or use of bone wax at cut sternal edges 
was decided by the operating surgeon. Standard aesthetic 
technique was used for all patients. Anticoagulation was 
achieved with 150-200 IU/kg IV heparin 5 minutes prior to 
commencing distal anastomosis with a target ACT of 250s 
to 350s. Protamine sulphate was used to reverse the effect of 
heparin at the completion of the surgical procedure. All 
surgical procedures were performed by the same surgical 
team. In all patients, off pump CABG was performed 
through a median sternotomy incision. Two different 
techniques to achieve hemostasis of the cut sternal edges by 
either not using bone wax or using bone wax were applied. 
In control group of patients, no bone wax was applied to the 
cut sternal edges to achieve haemostasis except applying 
surgical sponge on them before placing sternal retractor. In 
experimental group of patients, a single pack of bone wax 
weighing 2.5 gm (Ethicon, commercial pack by Jonson & 
jonson, India) was applied by digital pressure evenly to both 
cut sternal edges to achieve hemostasis just after performing 
median sternotomy before applying surgical sponge and 
sternal retractor on them. In all patients Left Internal Mam-
mary Artery (LIMA) and Great Saphenous Vein (GSV) 
were harvested simultaneously. Target coronary arteries 
were stabilized using Acrobat TM  SUV Off-pump Stabiliz-
ing System. Appropriately sized intra-coronary shunts were 
used to maintain distal perfusion and to achieve a bloodless 
operative field. The oxygen blower was used to assist in 
anastomosis. The Left Anterior Descending (LAD) artery 
was the first coronary artery grafted in most cases. The 
vessels in the lateral and posterior walls were grafted next 
and the Right Coronary Artery (RCA) was grafted last 
(when significantly diseased). Trendelenburg position and 
tilting of the table were performed to graft Obtuse Marginal 
(OM) branches as necessary. Proximal anastomosis was 
performed using standard techniques. Proximal anastomosis 
was performed after every distal anastomosis. The activated 
coagulation time levels were measured and adjusted 

between 100 and 120s before closing the chest.
After adequate hemostasis was achieved sternum was 
opposed with stainless steel wire no. 5 by cerclage wiring 
technique according to body weight of the patient and at 
least 6 or more wires were used in both groups. Standard 
ICU management protocol was used and the patient was 
subsequently shifted to Post-ICU and ward or cabin and 
discharged whenever appropriate according to operating 
consultant’s judgment. Total 2 follow up were given, 1st 
follow up, after 1 month of surgery and 2nd follow up, after 
6 months of surgery. A check plain CT scan of the chest was 
done with PHILIPS Brilliance TM CT (Philips Medical 
Systems Nederland) unit 7±1 months post-operatively at a 
subsidized rate to reveal presence or absence of bony gap 
between two sternal halves. Conventional technique without 
contrast medium was used. Plain CT scan of the chest of 
each patient was reviewed by radiologist, blinded toward 
the study. Data was processed using software SPSS          
(Statistical Package for Social Sciences) version 16.0. The 
categorical data was presented as frequency with corresponding 
percentage and was compared between groups using 
Chi-square test and Fishers’ Exact Test, while the quantitative 
data was expressed as mean±SD (standard deviation) or 
median and was compared between groups using Student’s 
t-Test and Mann-Whitney U test. For all analytical tests, the 
level of significance was set at 0.05 and p < 0.05 was 
considered significant. 

Results 
A total number of 40 patients undergone elective off pump 
coronary artery bypass grafting were included in this study 
and divided into two equal groups according to no use   
(Control group) or use (Experimental group) of bonewax at 
the cut sternal edges after median sternotomy.

Table 1: Comparison of Age and BMI between groups 

# Data were analyzed using Student’s t-Test; Figures in the parentheses 
denote corresponding percentage. (n= number of patients, NS= Not significant).

Figure 1: Gender distribution in the study patients

Table 2: Comparison of Clinical Variables between groups

# Data was analyzed using Student’s t-Test.  Level of significance was 
0.05. *Figures in the parentheses denote corresponding percentage and 
^Figures in the parentheses denote range; n= number of patients, NS= Not 
significant).

Table 3: Comparison of Outcome Variables between groups

# Data was analyzed using Student’s t-Test;  a Data were analyzed using 
Chi-Square (χ2) Test and b Fisher’s Exact Test. Level of significance was 
0.05. Figures in the parentheses denote corresponding percentage;               
n= number of patients; S=Significant; NS= Not Significant. 

Discussion
In the present study age of the patients ranged from 38 years 
to 68 years, but mean ages of the nonwax (Control group) 
and wax (Experimental group) groups did not differ            
significantly (mean±SD were 53.65±9.57 vs. 52.15±5.56, 
p=0.548). Although a male preponderance was observed in 
both groups, the difference between the groups with respect 
to sex was not evident. 

The patients with known risk factors for sternal healing 
problems, like diabetes mellitus, bilateral use of internal 
mammary artery, chronic obstructive lung disease, urgency 
and obesity as mentioned by Prziborowski and colleagues4 
were carefully excluded from the study. All the patients of 
control group and experimental group showed mean pre-op-
erative BMI mean±SD were 24.40±2.44 kg/m2 and 

24.15±2.51 kg/m2 respectively (p=0.749) and the difference 
between groups was not significant. 

The present study showed that the mean total hospitalization 
time in control group mean±SD were 15.45±2.43 days and 
in experimental group mean±SD were 16.70±2.61 days 
(p=0.126) and the difference between two groups was 
non-significant. Time required for completing the operation 
315.75±28.44 min vs. 311.75±40.53 min (p=0.720). Similar 
non-significant result was given by Prziborowski et al4. 
Duration of ICU stay in median in control group and experi-
mental group was 41.0 (IQR : 24.5–44.0) hours and 33.5 
(IQR : 23.25–48.25) hours and the difference between two 
groups was non-significant (p=0.597). In a previous study 
by Papadopoulos and colleagues similar result was shown11. 
Total ventilation time at ICU not significantly differed 
between control group and experimental group of patients in 
our study mean±SD were 851.05±233.89 min vs. 
16.70±2.61 min respectively (p=0.864) and this comparison 
was done as prolonged ventilation dependency was shown 
to be a risk factor of sternal healing by Francel and 
Kouchoukos13. In all patients of both control group and 
experimental group LIMA was used and mean number of 
venous grafts did not differ significantly in control group 
and experimental group of patients mean±SD were 
2.40±0.88  vs. 2.40±0.94  respectively (p=1.000) which was 
similar to the study conducted by Prziborowski and 
colleagues4. The difference of percentage of patients requir-
ing blood transfusion and FFP transfusion were non-signifi-
cant between the control group and experimental group 
(40%  vs. 30%, p=0.741 and 20% vs. 25%, p=1.000 respec-
tively) which was also found non-significant between 
groups in a previous German study4. In our study we found 
the difference of mean postoperative drainage of blood after 
1st 24 hours of surgery between control group and experi-
mental group of patients is non-significant (mean±SD were 
260.00±103.00 vs 248.00±107.63 ml, p=0.721) which was 
similar to the study conducted by Ozdemir and Aykut14. We 
found that 5% of patient in control group suffered from 
superficial sternal wound infection after surgery, which was 
statistically non significant (p=1.00). None of the patients of 
both groups were having any deep sternal wound infection 
at any time after operation. Nearly similar insignificant 
differences were also seen in a previous study by Ozdemir 
and Aykut14. Our study showed that no patient in both 
control group and experimental group had palpable midline 
gap over the sternal wound at any time after operation. We 
also found that no patient in both groups had clinically 
unstable sternum (presence of unequal ventrodorsal move-
ment of each half of sternum on bimanual alternating chest 
compression) at any time after operation as the technique 
was described by Francel and Kouchoukos13.
In our study we compared post sternotomy pain (PSP) 
within 7±1 months after operation. We evaluated whether 
patients complained pain on posture change from lying to 
sitting or on walking, if any of the two was present we 

considered that post sternotomy pain was present. The result 
in table XIV showed 60% of patient in control group were 
complaining of post sternotomy pain (PSP) compared to 
65% of experimental group after surgery at discharge from 
hospital (p=1.000). At 1st follow-up the PSP reduced to 35% 
for control group and 50% for experimental group with non 
significant statistical difference (p=0.523). But persistence 
of PSP (10% in control group and 45% in experimental 
group) was significantly higher in experimental group 
observed at 2nd follow up (after 7±1 month after surgery) 
compared to control group (p=0.031). In a previous study by 
Papadopoulos and colleagues11 significant increase of post 
sternotomy pain was found with failed sternal reunion and 
imperfect ossification. 

We performed check plain CT scan of the chest in our study 
within 7±1 months after surgery (at 2nd follow up). We 
found that 20% of patients in control group and 55% of 
patients in experimental group have bony gap between two 
sternal halves (p=0.048). The presence of bony gap in 55% 
patients in experimental group corresponds well with the 
study conducted by Bitkover and colleague10 but the 
presence of gap is significantly lower in control group than 
in experimental group which was observed in a previous 
study done by Vestergaard and colleagues3.  

Conclusion          
The persistent post sternotomy pain (PSP) was found 
significantly higher in wax group than in nonwax group at 
follow up. A check plain CT scan of the chest post opera-
tively revealed that presence of gap between two sternal 
halves is significantly lower in nonwax group than in wax 
group. Use of bone wax did not influence post operative 
blood loss and requirement for blood transfusion. So, use of 
this foreign material is not helpful for the surgeons and may 
contribute to the post operative pain and radiologic evidence 
of sternal gap (after 6 months of surgery) as shown in this 
study. So, this study conclude that bone wax adversely 
affects the sternal healing and we recommend further large 
scale study and for off pump CABG where less amount of 
heparin is required bone wax need not be used.
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